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ABSTRACT 
The bridges on the San Benito River provide excellent 
examples of many of the issues of keen interest today in 
scour research including 1) the impact of gravel mining on 
channel bed degradation and lateral channel migration, 2) 
successful and unsuccessful scour countermeasures, and  
3) the impact of complex pier shapes and large diameter 
piers. 
Gravel operations on the San Benito River have 
included both the bed (instream extraction) and the bank 
(terrace) operations for the last 50 years.  The extraction 
rates have exceeded the replenishment rates by 2 to 7 
times.  This mining of the river has caused 2-4 meters of 
channel bed degradation and bank erosion undermining 
bridge structures and adjacent land.  This paper illustrates 
the need for regulatory or approving authorities to assure 
that appropriate and effective environmental mitigation 
measures and funding guarantees are in place prior to 
approving gravel mining operations in or adjacent to 
rivers. 
OVERVIEW 
The San Benito River has been mined commercially for 
gravel since the 1950’s.  According to past reports [1], [2] 
and [3], the riverbed has degraded due in large part to past 
gravel mining activities conducted without adequate 
replenishment i.e. riverbed degradation which removes 
vital cover protecting bridge foundations from local scour. 
The rapid urbanization occurring throughout California 
has increased the demand for sand and gravel used in 
construction activities.  The California Department of 
Conservation estimates that 20 percent of construction 
aggregate comes from in-stream sources.  In 1996, 289 in-
stream operations produced 22.8 million tons of sand and 
gravel valued at $114 million [4].  It is estimated; 
however, that average annual bedload sediment yield for 
all the rivers in California is only about 13 million metric 
tons [5].  Thus, instream operators extract almost twice the 
sediment yield in an average year. 
Aggregate is primarily used for construction—
predominately for road base and concrete components.  
The California Department of Transportation (Caltrans) is 
a major aggregate consumer in California, utilizing 
approximately 20 million tons of sand and gravel in 1991 
[6]. 
Location of Bridges 
The project site is located just outside of the City of 
Hollister located San Benito County in Central California 
as shown in Figure 1. 
 
Figure 1.  Location Map within California 
There are 5 bridges located on the main stem of the San 
Benito River as shown in Figure 2 below. 
 
 
Figure 2. Location of bridges crossing San Benito River 
near Hollister 
 Gravel Mining Operations and Challenges 
The riverbed of the San Benito River has been a major 
source for sand and gravel for the region since the 1950’s.  
According to the County Planning Department, most of 
the permits issued to extract gravel from the river were 
issued between 1959 and the mid 1970’s (Rob Mendiola, 
Former San Benito County Planning Department, 
Personal Communication).  According to a recent study 
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[7], however, the actual gravel extraction since 1952 has 
ranged from 87,000 m3 to 132,000 m3. 
Operations on the San Benito River and Tres Pinos 
Creek have decreased to only 5 operations in recent years 
(Mary Paxton, Former San Benito County Planning 
Department, Personal Communication).  These 5 operations 
are permitted to extract a total of 428,000 cubic meters of 
material.  Two of the operations are located downstream 
below the San Juan Road bridge (also known as the old 156 
Bridge) approximately 5 km downstream and are unlikely 
to have an adverse impact this far upstream.  These 
downstream operations account for 200,000 cubic meters of 
the permitted extraction.  Two of the operations are located 
in Tres Pinos Creek which feeds into the San Benito River.  
One of these is considered an “off-channel” operation since 
it is in the current terraces, however, it is unknown if these 
terraces are a sufficient distance from the active channel to 
avoid pit capture.  The terrace operation accounts for 
100,000 cubic meters of material.  The last active operation 
is a proposed in-stream gravel extraction operation between 
the Nash Road and Cienega Road Bridges and is currently 
in litigation with the local agency. 
There are also 4 off-channel and semi-off-channel pits 
upstream of Hospital Road and downstream to the Cienega 
Road Bridge as shown in Figure 3 which have ceased 
operation and are in the process of “reclamation.”  One 
operation (the McClatchy Pit) is a “reclaimed” gravel pit. 
 
Corrotto Pit 
Permit 306 
Actual ~ 305 
Tibbetts Pit 
Finish Elev. 312 to 317 
Actual 304 to 305 
McClatchy 
Pit 
Actual 299 
Union Road 
Bridge 
UP 3-72 Dooley 
Actual 306 (d/s) 298 (u/s) 
Former plant site 
Actual 299 
Hospital 
Road  
Flow 
Direction 
 
Figure 3:  Existing and historic gravel mining operations 
near Hospital Road 
One of the challenges with the “off channel” operations 
is that they are only out of the currently active riverbed, 
but within the meander belt of the historic channel. As 
part of the analysis for the Hospital Road Bridge 
replacement, Avila and Associates compared the 
riverbank location through time [8].  The earliest available 
aerial photograph (1947) shows the riverbed to be 
approximately 460 meters wide at the Hospital Road 
crossing; this had decreased to 400 meters wide in 1974 
and 260 meters wide in 2005 as shown in Figure 4.  This 
information was used in the bridge design to minimize 
potential loss of the abutment fill. 
 
Figure 4.  Bankline analysis near the Hospital Road 
Bridge from 1947, 1974 and 2005 aerial photographs. 
In addition, some of the pits are up to 3.7 meters below 
their permitted mining depths and 2 to 2.5 meters below 
the current river thalweg adjacent to the pit as shown in 
Figure 5 below.   
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Figure 5:  “perched channel” situated between a 
reclaimed gravel pit (McClatchy) and soon to be 
reclaimed pit (Corrotto). 
Although the Corotto and Tibbetts Pits were both 
anticipated to be “off-channel pits”, in the 1998 storms, 
the setback of the Corotto Pit was breached (east bank) 
and Tibbetts Pit eroded.  In 2003, the operator amended 
their Reclamation Plan for these Pits in order to make 
these “off channel pits” part of the river.  This proposal is 
still being reviewed by the San Benito County Planning 
Department. 
III. 
A. 
PHYSICAL CONSEQUENCES 
There is a significant sediment imbalance in the San 
Benito River.  Annual replenishment estimates vary from 
18,000 m3 to 53,000 m3 in various studies by Ayres 
Associates and Golder Associates in the 1990’s [1], [2], 
[3].  That means the average annual gravel extraction of 
87,000 m3 to 132,000 m3 [7] exceeds the replenishment by 
almost 2 to over 7 times. 
Channel  bed degradation 
Avila and Associates documented degradation at bridge 
locations based upon maintenance inspection records kept 
for the bridges and updated channel cross sections taken 
by Avila and Associates [9].  Approximately 3 meters of 
degradation was shown at the Cienega Road Bridge 
between 1960 and 2005 as shown in Figure 6.  Almost 5 
meters of degradation occurred at the San Juan Road 
Bridge between 1950 and 2005 as shown in Figure 7. g g g
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Figure 6:  Cienega Bridge Thalweg over time 
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Figure 7.  San Juan Road Bridge Thalweg over time  
In a recent study [3], Ayres Associates relocated 
historical channel bed thalweg information along the river 
from upstream of the Hospital Road Bridge to 
downstream of the new Route 156 Bridge as shown in 
Figure 8.  Their study documented the channel bed 
degradation which averaged 2-4 m of degradation at 
critical infrastructure crossing the river [7].  A maximum 
of 6 meters was documented at the new Route 156 Bridge 
and approximately 3 meters upstream at the Hospital Road 
Bridge. 
 
Figure 8. Channel bed degradation along the San Benito 
River 
B. Lateral channel migration 
Lateral channel migration has also proven a significant 
challenge for property adjacent to the San Benito River.  
The channel bed degradation on the river has destabilized 
the riverbanks inducing lateral channel erosion.  This 
migration undermined the foundations of the house shown 
in Figure 9.  The house was moved to another part of the 
property away from the river (Dale Rosskamp, San Benito 
County Public Works Department, Personal 
Communication).   
 
 
Figure 9:  Lateral channel erosion undermined the 
foundations of a house on the San Benito River (photo by 
San Benito County Public Works Department) 
C. Scour countermeasures 
The channel bed degradation and lateral channel 
erosion noted above have caused all of the bridges on the 
main stem to be repaired or replaced in the past 10 years.  
Following is a description of the countermeasures and the 
cost of future degradation starting from downstream and 
moving upstream. 
The most downstream bridge (Route 156) was 
constructed in 1997 and accounted for almost 8 meters of 
channel bed degradation in addition to local pier scour 
caused by the 2.4 meter single column Cast-in-Drill-Hole 
(CIDH) piles. 
The New Route 156 bridge replaces the “old 156” (now 
called San Juan Road) bridge which will be relinquished 
to the City of Hollister.  Caltrans does not consider the 
bridge to be scour critical because it is currently protected 
from local pier scour by rock riprap which was replaced in 
2002 at an estimated cost of $188,000 for four piers as 
shown in Figure 10. 
The next bridge upstream is the Nash Road Bridge.  It 
is currently considered a low water crossing which is 
rebuilt after significant discharges almost every winter.  
An 86.9 meter long bridge is currently being constructed 
to replace the low water crossing.  The Nash Road Bridge 
accounted for an estimated 10.7 meters of future channel 
bed degradation [9]. 
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Figure 10.  Rock riprap placed at Piers 7 through 10 of 
the San Juan Road Bridge. 
The next bridge upstream is the Cienega Road Bridge.  
Scour countermeasures consisting of cable tied blocks 
were installed at the bridge piers in approximately 1989.  
These cable tied blocks failed during the 1993 storms on 
the San Benito River as shown in Figure 11.   
 
Figure 11:  Pier #5 undermining and failure of “scour 
protection” installed in 1989 (photograph by Caltrans) 
 
Storms in March of 1995 undermined piers 3 though 6 
exposing approximately 2 meters of Raymond piles as 
shown in  Figure 12.  The bridge was closed to traffic until 
scour countermeasures could be installed.   Raymond piles 
provides some unique challenges because it is only 
reinforced in the first 3.7 meters or ¼ of its length 
(whichever is greater). 
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 Figure 12.  Pile Exposure following March 1995 Storms 
(note failed scour protection) (photo by Boyle) 
 
 The County hired an engineering consultant who 
designed a scour countermeasure consisting of sheet pile 
coffer dams and rock riprap which were constructed to 
elevation 260 at piers 5 through 8 at a cost of $600,000 as 
shown in Figure 13.   
 
Figure 13.  Coffer dams and rock rip rap placed following 
1995 Storms (photo by Musseter Engineering, Inc.) 
The bridge was re-opened to traffic in May of 1995 but 
a subsequent scour evaluation by Caltrans rated the bridge 
as scour critical.  The bridge scour countermeasure 
complicated the pier scour analysis significantly with a 0.6 
meter wide pier and a 3 meter wide exposed footing. 
Following storms in 1998, most of the rock rip rap washed 
away from the bridge and almost none remains today as 
shown in Figure 14 below.   
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Figure 14:  Cienega Road Bridge looking upstream at the 
sheet pile cofferdams (photo by Author) 
The most upstream bridge on the San Benito River is 
the Hospital Road Bridge.  It is currently a low water 
crossing consisting of a series of six-0.9 meter diameter 
corrugated plastic pipes as shown in Figure 15below.   
 
Figure 15:  Existing low water crossing at Hospital Road 
(photo by Author) 
 
The low water crossing is replaced each year as shown 
in Figure 16 below.  According to the Public Works 
Department, the cost of the installation (including labor 
and materials) was estimated to be approximately $35,000 
to $45,000 annually in 1998 dollars (Dale Rosskamp, San 
Benito County Public Works Department, Personal 
Communication).   
 
Figure 16:  Hospital Road Low Water Crossing 
Installation plan 
The low water crossing is proposed to be replaced with 
a 5-span reinforced concrete bridge which will be 185 
meter long and have 2.1 to 2.4 meter wide single column 
bents. The bridge is designed to account for 3.6 to 4.3 
meters of degradation in addition to 3.6 to 4 meters of 
local pier scour. 
ECONOMIC CONSEQUENCES IV. 
There is significant economic cost associated with 
channel bed degradation and lateral channel migration.  
This includes not only the cost of repairing or replacing 
the bridge, but also the lost opportunity cost associated 
with significant detours and/or traffic delays.   
A recent study by Avila and Associates [10] estimated 
the cost of 1.5 meters of degradation caused by one gravel 
mining operation on the San Benito River.  One 
countermeasure considered to arrest degradation was 
constructing a check dam at the upstream limits of the 
gravel operation (downstream of Nash Road) to arrest 
potential headcutting from propagating upstream.  The 
low and high estimated cost of constructing the 
approximately 183 m check dam is shown in Table 1.  
Because the check dams would inhibit fish passage, it is 
likely that fish ladders would also be required 
Table 1.  Low and High estimated cost to construct a 
ion 
structure 
ion Design, 
p , 
Total Cost 
check dam at the upstream limits of the Gravel Operat
in 2003 dollars $K. 
Infra- Foundat
Abutment
Walls  
 
ermitting
right of way 
acquisition, 
roadwork, 
etc. 
(+/- 30%) 
 
183 m long $1,100 to $275 325 $1,375 to 
Structure  $1,300 
 to $
$1,625 
F 800 $20 to $200 to ish Ladder $80 to $ $100 
$1,000 
Total Cost $1,180 to $295 to $525 to 
183 m long $2,100 
$1,475 
$2,625 
 
An approximately 244 m long check dam would also be 
re
Table 2.  Low and High estimated cost to construct a 
n 
ure Foundation Design, 
p  
acq
Total Cost 
quired downstream of the San Juan Road bridge to 
mitigate potential scour downstream at that bridge as 
shown in Table 2. 
check dam downstream of the San Juan Road Bridge i
2003 $K. 
Infrastruct
Abutment
Walls  
 
ermitting,
right of 
way 
uisition, 
roadwork, 
etc. 
(+/- 30%) 
244 m long $1,600 to $400 to $2,000 to 
Structure  $1,900 $475 $2,400 
F 800  $200 to ish Ladder $80 to $ $20 to $100 
$1,000 
Total Cost $1,700 to $420 to to 
244 m long 2,700 $675 
$2,000 
$3,400 
 
An alternative to a check dam at the existing San Juan 
Bridge which has less environmental challenges is to 
construct Outrigger Bents to support the bridge with the 
anticipated degradation.  A typical outrigger bent is shown 
in Figure 17. 
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Figure 17.  Typical Outrigger Bent 
The cost of constructing outrigger bents at each pier 
foundation is shown in Table 3 below.  
Table 3:  Low and High Estimated cost to construct 
Outrigger Bents at all piers on the bridge (in 2003 $K) 
Infrastructure Outrigger 
Bent 
(Constr-
uction 
Cost) 
Design, 
permitting, 
right of way 
acquisition, 
roadwork, etc. 
Total 
Cost 
(+/- 30%) 
San Juan 
Bridge 
$2,000 to 
$3,900 
$520 to $970 $2,600 to 
$4,900 
Cienega Road 
Bridge 
$1,800 to 
$3,500 
$500 to $900 $2,300 to  
$4,400 
 
Replacing the bridges becomes the countermeasure of 
last resort.  Costs of constructing three bridges on the 
reach are available.  These range from $1,700/square 
meter to $2,100/square meter as shown in Table 4. 
Table 4: Bridge Replacement Costs for bridges crossing 
the San Benito River in square meters in 2003 $. 
Infrastructure Length 
(m) 
Width 
(m) 
Cost (2003 
$K) 
Cost 
($/sq m) 
New 156 
Bridge 
246 13.3 $5,660 $1,733 
Nash Rd 
Bridge 
86.9 12.8 $1,892 $1,701 
Hospital Rd 
Bridge 
244 9.8 $5,040 $2,119 
 
Square foot costs were used to estimate to project the 
cost of replacing the Cienega Road and San Juan Road 
Bridges as shown in Table 5. 
 
 
 
Table 5:  Estimated range of Replacement Cost (based on 
square foot cost from Table above) in 2003 $K 
Infra-
structure 
Replacement 
(Construction 
Cost) 
 
Design, 
permitting, 
right of way 
acquisition, 
roadwork, etc. 
Estimated 
Total Cost 
(+/- 30%) 
Cienega 
Road 
$4,400 to 
$5,500 
$1,100 to 
$1,400 
$5,500 to 
$6,900 
San Juan 
Bridge 
$4,700 to 
$5,900 
$1,200 to 
$1,500 
$5,900 to 
$7,400 
 
In 2003, the cost of constructing countermeasures at the 
Cienega Road Bridge range from a low estimate of $2 
million (M) to construct a check dam to a high estimate of 
$6.9M to replace the bridge.  Countermeasure costs for the 
San Juan Bridge range from $2.6M to place a check dam 
to $7.4 M to replace the bridge. 
A. Detour costs 
If the bridges fail in a flood due to foundation 
instability, there is a detour “cost” to the traveling public.  
The cost can be illustrated by the loss of three spans of the 
Route 1 Bridge over the Carmel River in Monterey 
County, California, in the floods of March 1995.  Due to 
the bridge wash out, the trip from Carmel Highlands to 
Carmel was increased from approximately 15 minutes to 
6.5 hours. This increased the cost to an individual driver 
from Carmel Highlands to Carmel from $2.40 to $62.40 
per trip.  During the 6 days between the bridge collapse 
and the temporary bridge erection, the only alternative to 
the detour was a helicopter ride that took less than 5 
minutes and cost $50 each way (in 1995 dollars) 
validating the $60 trip estimate [11]. 
A recent study by Rister and Graves [12] updated the 
delay costs from the estimates used in the study above to 
$12.1 per vehicle-hour for passenger cars and $30 per 
vehicle-hour for a truck in 1998 dollars.  When updated to 
2003 dollars, these estimates are increased to $16.1 per 
vehicle-hour for passenger cars and $39.9 per vehicle-
hour for a truck. 
During the winter, the Nash and Hospital Road 
crossings are currently unavailable.  Table 6 shows the 
detour length, Average Daily Traffic (ADT), the year the 
ADT is for and the percentage of the ADT that accounts 
for truck traffic as shown in Table 6. 
Table 6:  Detour Length and Average Daily Traffic 
(ADT) for infrastructure (from Caltrans Maintenance 
Records) 
Bridge 
name 
Detour 
Length 
(miles) 
ADT Year of 
ADT 
% 
Trucks 
San Juan 4 13,822 1997 10 
Nash 3.5 2730 1992 
(county) 
35 
Cienega 3 1000 1998 15 
Hospital 
(existing) 
n/a low 
water 
xing 
750 1998 5 
Through a review of the maintenance records, it does 
not appear that the ADT has changed considerably since 
the 1995 storms.  Because it is not scour critical, it is 
assumed that the San Juan Bridge would be open during 
winter floods as it was in 1995 when the Cienega Road 
Bridge was closed to traffic for 60 days while the scour 
countermeasure was installed.  The detour time is the 
estimated time it would take to cross the San Juan Road 
Bridge rather than the bridge noted as shown in Table 7 
below. 
Table 7:  Estimated Detour Cost Caused by Closure of 
the Cienega Road Bridge in 1995 (in 2003 $K) 
Bridge name Detour Time 
(min.) 
Cars 
 
Trucks 
Nash 15 1775 955 
Cienega 20 850 150 
Hospital 25 712 38 
Total Cost    
 
Bridge name 60 day detour 
“cost” cars 
60 day detour 
“cost” trucks 
Total 
cost 
Nash $424 $572 $995 
Cienega $274 $12 $286 
Hospital $286 $38 $324 
Total Cost   $1,600 
The estimated “delay cost” caused by the closure of the 
Cienega Road Bridge in 1995 is $1.6M.  If the Cienega 
Road Bridge is closed to traffic again, the delay costs 
could increase depending upon the amount of time it 
would take to reopen the bridge. 
V. CONCLUSION 
The bridges on the San Benito River either have been 
constructed in the past 10 years or likely will be replaced 
in the next 10 years.  Rehabilitating or replacing 
infrastructure on this actively-mined river has been costly 
to the tax payers who have borne the burden of replacing 
the bridges.  Specifically, in the United States, eligible 
bridges are often replaced under the Highway Bridge 
Rehabilitation and Replacement Program (HBRRP).  
Historically, the Federal Government has paid 80% of the 
replacement cost with the local agency picking up the 
remaining 20%. 
These future expenditures could have been avoided or 
deferred for several more decades if local regulatory 
agencies would have required that the gavel mine 
operators adequately mitigated their impacts as part of the 
environmental review process (California Environmental 
Quality Act in California) and required financial 
guarantees for their implementation. 
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